The autosomal recessive disorder BardetBiedl syndrome is characterised by retinal degeneration, polydactyly, obesity, mental retardation, hypogenitalism, renal dysplasia, and short stature. It is heterogeneous with at least four gene loci (BBS1-4) having been mapped to date. We have studied 18 multiply affected families noting the presence of both major and minor manifestations. Using a fluorescently based PCR technique, we genotyped each family member and assigned linkage to one ofthe four loci. Given this degree of heterogeneity we hoped to find phenotypic differences between linkage categories. We found 44% of families linked to l1q13 (BBS1) and 17% linked to 16q21 (BBS2). Only one family was linked to 15q22 (BBS4) and none to 3pl2. We conctude that BBS1 is the major locus among white Bardet-Biedl patients and that BBS3 is extremely rare. Only subtle phenotypic differences were observed, the most striking ofwhich was a finding of taller affected offspring compared with their parents in the BBS1 category. Affected subjects in the BBS2 and 4 groups were significantly shorter than their parents. Twenty eight percent of pedigrees did not show linkage to any known locus, evidence for at least a fifth gene. We conclude that the different genes responsible for Bardet-Biedl syndrome may influence growth characteristics such as height.
ing been mapped to date. We have studied 18 multiply affected families noting the presence of both major and minor manifestations. Using a fluorescently based PCR technique, we genotyped each family member and assigned linkage to one ofthe four loci. Given this degree of heterogeneity we hoped to find phenotypic differences between linkage categories. We found 44% of families linked to l1q13 (BBS1) and 17% linked to 16q21 (BBS2). Only one family was linked to 15q22 (BBS4) and none to 3pl2. We conctude that BBS1 is the major locus among white Bardet-Biedl patients and that BBS3 is extremely rare. Only subtle phenotypic differences were observed, the most striking ofwhich was a finding of taller affected offspring compared with their parents in the BBS1 category. Affected subjects in the BBS2 and 4 groups were significantly shorter than their parents. Twenty eight percent of pedigrees did not show linkage to any known locus, evidence for at least a fifth gene. We conclude that the different genes responsible for Bardet-Biedl syndrome may influence growth characteristics such as height. Bardet-Biedl syndrome (BBS) (MIM 209900), first described in 1920,' is an autosomal recessive condition with a wide spectrum of clinical features. The cardinal manifestations are retinal pigmentary dystrophy (previously termed retinitis pigmentosa), postaxial polydactyly, central obesity, mental retardation, and hypogenitalism.2 More recently, a wide range of renal abnormalities has been described with one study showing 100% of subjects affected.3 Renal failure is the major cause of morbidity and early mortality in patients with BBS. Chronic glomerulonephritis, characteristic cystic tubular disease, lower urinary tract malformations, and defects of tubular concentrating ability are among the commonest causes of renal impairment. Minor features include hepatic fibrosis, diabetes mellitus, reproductive abnormalities, endocrinological disturbances, short stature, hearing loss, developmental delay, and speech deficit. BBS is distinct from the much rarer Laurence-Moon syndrome in which retinal pigmentary degeneration, mental retardation, and hypogenitalism occur with a progressive spastic paraparesis and distal muscle weakness but without polydactyly.4
The frequency of BBS varies with the highest prevalence of 1 in 13 500 occurring in the Middle East.5 It is far less common in Europe with a rate of 1 in 160 000 found in Switzerland6 and 1 in 125 000 in the United Kingdom (P L Beales unpublished data).
Recently, genetic heterogeneity has been confirmed with the finding of four gene loci on chromosomes 11 (BBS 1), 16 (BBS2), 3 (BBS3), and 15 (BBS4) respectively, each associated with a similar phenotype.7-"0 The chromosome 11 locus study used 32 nuclear families mainly from North America and the remaining loci were mapped using three large consanguineous Bedouin families.
We were interested to establish the proportion of our nuclear families mapping to each of these loci and whether there were any particular phenotypic differences associated with the different loci.
Materials and methods

FAMILIES
Eighteen families of mixed ethnic origin were enrolled in this study ( were found to be present in a third of all patients. Each of these patients had either a random urinary or blood glucose measurement and only three had formal glucose tolerance tests; none of them was diagnosed with overt diabetes mellitus. Overall, the mean birth weight did not differ from the national average, but within the subgroups patients in BBS2 were significantly lighter. have reported a significantly higher proportion of severely overweight fathers of BBS homozygotes compared with age matched US males. They went on to conclude that a BBS gene may be present in 2.9% of severely overweight white males. We did not observe any severely or even moderately overweight fathers in our study and, moreover, there was no difference in mean parental height from the national average. Disorders of puberty were not apparent and all adult patients had normal secondary sexual characteristics and hair distribution. None of the males in this study (or our wider study) has successfully fathered a child; however, two females have given birth to healthy unaffected babies, implying a fundamental difference in gonadal pathogenesis.
The common finding of polydipsia with polyuria was not associated with diabetes mellitus in any cases. This may reflect an underlying nephrogenic concentrating defect which has been described previously.3
The birth weights of all except one patient did not differ from the racial average suggesting that BBS is not associated with intrauterine overgrowth. The fact that hyperphagia during childhood was commonly reported by parents (64.2%) also suggests that there may be a defect in satiety which only manifests after feeding is established.
The common finding of dyspraxia among BBS patients complicates the problems of visual loss, and can often interfere with daily activities and acquisition of keyboard communication skills. The increased incidence of middle ear infections in BBS children, which usually disappears with age, may point to early abnormalities of middle chamber drainage. Speech deficit does not appear to be a consequence of the conductive hearing loss as it usually presents before this. There is a definite pattern of speech defect, which is often high pitched and nasal with inaccurate word pronunciation. A few cases where videofluorosopy has been performed highlight soft palate hypomobility.
In general, severe learning difficulties are rare, and mild to moderate learning difficulties are usual. We observed a loose association between locus and severity of learning disabil- less help and BBS4 having the most severe difficulties.
Finally, the finding of atopic asthma exclusive to the BBS1 locus is interesting in light of the mapping of a locus for asthma on 1 1q13.'4
Croft et all' have suggested a possible association of Bardet-Biedl heterozygosity with renal disease, hypertension, and diabetes mellitus as well as obesity. Our observations do not support these findings but such associations can only be confirmed with much larger study numbers.
The diverse range of clinical manifestations in Bardet-Biedl syndrome cannot be explained by known metabolic pathways. The presence of multiple loci suggests a common biochemical pathway in which protein subunits or receptor complexes are at fault. 9 We conclude that such pathways may influence growth characteristics dependent on the mutation and point at which they are acting. Currently, the most promising strategy to identify BBS genes is to adopt a combined candidate gene and positional cloning approach. ' 
